Pharmacodynamic analysis of contractile potentiation by cholinesterase inhibitors in rats.
Pharmacological profiles of four cholinesterase (ChE) inhibitors: edrophonium, pyridostigmine, neostigmine, and ambenonium after to administration to rats were analyzed. A pharmacodynamic model was developed by considering acetylcholinesterase (AChE) inhibition, direct antagonism to the nicotinic receptor, and desensitization of the nicotinic receptor. Pharmacokinetics of these drugs are dose-independent and have similar volumes of distribution at steady state (0.4-0.6 L/kg various doses). The t1/2 increases in the order of neostigmine, edrophonium, pyridostigmine, and ambenonium. Inhibitory constants of ChE inhibitors to bovine erythrocyte AChE determined in vitro were 2019, 276, 26, and 3.7 nM for edrophonium, pyridostigmine, neostigmine, and ambenonium, respectively. The effect of ChE inhibitor was monitored as the increase of developed tension of triceps muscle induced by sciatic nerve stimulation. The maximum value of contractile tension after i.v. administration decreased at high doses of each drug and the dose-response curves were biphasic. Time courses of plasma concentration and contractile muscle tension were modeled to estimate the association/dissociation rate constants to AChE and the nicotinic receptor, desensitization rate constant of receptor and the dissociation constant of acetylcholine (ACh) to nicotinic receptor/basal acetylcholine level ratio (Kd/ACh0). The estimated Kd/ACh0 values were not dependent on the drug. A significant correlation between inhibitory constants of ChE inhibitors to AChE estimated by in vivo pharmacodynamic analysis and those determined by an in vitro enzyme kinetic study was shown, while the relationship between dissociation constants to nicotinic receptor estimated by in vivo pharmacodynamic analysis and those measured by an in vitro binding study was not clear. Other process such as desensitisization induced by endogenous ACh diffusion rate of drugs into the synaptic cleft, action of presynaptic receptors, etc., might contribute to the dose-effect relationship of ChE inhibitors.